Urinary tract infection (UTI) is the most common bacterial infection in women in general and in postmenopausal women in particular. Two groups of elderly women with recurrent UTI should be differentiated regarding age and general status: healthy, young postmenopausal women aged 50 to 70 years who are neither institutionalized or catheterized and elderly institutionalized women with or without a catheter. Bacteriuria occurs more often in elderly functionally impaired women, but in general it is asymptomatic. However, the risk factors associated with recurrent UTI in elderly women are not widely described. In a multivariate analysis it was found that urinary incontinence, a history of UTI before menopause, and nonsecretor status were strongly associated with recurrent UTI in young postmenopausal women. Another study described the incidence and risk factors of acute cystitis among nondiabetic and diabetic postmenopausal women. Independent predictors of infection included insulin-treated patients and a lifetime history of urinary infection. Borderline associations included a history of vaginal estrogen cream use in the past month, kidney stones, and asymptomatic bacteriuria at baseline. Another important factor in postmenopausal women is the potential role that estrogen deficiency plays in the development of bacteriuria. There are at least two studies showing a beneficial effect of estrogen in the management of recurrent bacteriuria in elderly women. One of these studies showed that vaginal estrogen cream reduced vaginal pH from 5.5±0.7 to 3.6±1.0, restored lactobacillus, and decreased new episodes of UTI. Another study reported similar results using an estriol vaginal ring. However, contradictory results are found in the literature. For example, additional studies found that the use of estriol-containing vaginal pessaries was less effective than oral nitrofurantoin macrocrystals in preventing UTI in postmenopausal women. Two other studies also did not find any benefit in the reduction of UTI by oral estrogen therapy. Unfortunately, the use of estrogen in preventing UTI in postmenopausal women remains questionable. New strategies have been researched for reducing the use of antibiotics in the prevention and treatment of UTI. Two of them are probiotics and cranberry juice or capsules. Although several studies regarding probiotics and cranberry juice or capsules have reported a reduction of episodes of UTI, there is no conclusive evidence that they are useful in the prevention of UTI in postmenopausal women. As for the optimal drug, dosage, and length of treatment for UTI in the elderly, there are no studies comparing these data with the treatment for young women.
INTRODUCTION
Urinary tract infection (UTI) is the most common bacterial infection in young and elderly women. Despite the higher incidence of bacteriuria in elderly women, most UTI research has been conducted in young women. This chapter will discuss epidemiological studies regarding risk factors associated with bacteriuria in elderly women. Bacteriuria in the elderly is associated with high mortality rates; however, in most cases, bacteriuria is asymptomatic and not a causal factor of death.
Estrogen deficiency plays an important role in the development of bacteriuria. Several studies have been conducted showing the efficacy of estrogen (orally and vaginally) in the prevention of UTI. Yet, the literature is divided on this subject, and other studies have not shown any advantage in using estrogen.
This chapter will focus on the updated known data regarding the use of estrogen in the prevention of bacteriuria in elderly women. The alarming increase in multidrug-resistant uropathogens makes it imperative that alternative strategies are found. One strategy is the restoration of flora with lactobacilli using probiotics and another is the use of cranberry, a competitive compound that inhibits the attachment of bacteria to the uroepithelial mucosa and thereby reduces the frequency of UTI.
METHODOLOGY
A systematic literature search was performed of studies conducted over the past 15 years. A few recent studies have investigated the management of UTI in postmenopausal women. The data were collected from the most up-to-date published studies and guidelines, which were found by searching Medline, PubMed, and the Cochrane database with the following key words: 'bacteriuria in elderly women' and 'postmenopausal women and UTI'. A total of 190 papers were screened by title and abstract: 111 for the first keyword and 79 for the second. Only English publications addressing the keywords were screened.
The 25 references used in the text were assessed according to the level of scientific evidence involved. The studies were rated according to the level of evidence (LoE) and the grade of recommendations (GoR) by using ICUD standards [1, 2] .
DEMOGRAPHY
UTI is the most common bacterial infection in women. Three groups of women with recurrent UTI should be distinguished on the basis of age: premenopausal women, healthy postmenopausal women between the ages of 50 to 70 years who are neither institutionalized nor catheterized, and elderly institutionalized women, who are in many cases catheterized.
Bacteriuria occurs more often in functionally impaired women than in those who are not impaired; persistent bacteriuria is seen more often in nursing home residents, and transient bacteriuria is seen more often in young, healthy postmenopausal women. The majority of elderly women with bacteriuria are asymptomatic and should not be treated with antibiotics (LoE 1b) [3, 4] . In young to middle-aged women, the prevalence of UTI is ＜5%, rising considerably with advancing age. Epidemiologic studies have shown that 15% to 20% of 65-70 year-old women have bacteriuria, compared with 20% to 50% of women ＞80 years old.
Despite the high incidence of bacteriuria in postmenopausal women (young and institutionalized), most UTI research has been conducted in younger women. Hence, the most common UTI risk factors among healthy younger women, such as frequent vaginal intercourse, spermicide use, diaphragm use, condom use, a previous UTI history, recent antibiotic use, and nonsecretor status, were not widely investigated in middle-aged and elderly women (LoE 2a) [5] .
BACTERIURIA IN YOUNG VS. ELDERLY WOMEN
Foxman et al conducted a case-control study investigating the role of health behavior and sexual and medical history in UTI risk among otherwise healthy women aged 40 to 65 years [4] . They showed that sexual activity was not associated with acquiring UTI in this age group, whereas a history of UTI during the past year, urine loss, antibiotic use during the previous 2 weeks, and exposure to cold during the previous 2 weeks were positively associated with UTI. In addition, drinking cranberry juice and taking vitamin C were moderately protective (LoE 2b) [4] .
RISK FACTORS
A case-control study compared 149 postmenopausal women with a history of recurrent UTI with 53 age-matched women with no history of UTI. [5] .
Jackson et al described the incidence and risk factors for acute cystitis among nondiabetic and diabetic postmenopausal women and the possible effect of estrogens on those women (LoE 2a) [6] . During 1,773 person-years of follow-up, 138 symptomatic UTIs occurred (incidence, 0.07 person-year). Independent prediction of infection included insulin-dependent diabetes mellitus (hazard ratio 95% CI, 1.7-7.0) and a lifetime history of UTI (hazard ratio for six or more infections, 6.9; 95% CI, 3.5-13.6). However, a borderline association included a history of vaginal estrogen cream use in recent months (hazard ratio, 1.8; 95% CI, 1.0-3.4), and a history of kidney stones (hazard ratio, 1.95; 95% CI, 0.9-3.5). However, sexual activity, urinary incontinence, parity, postcoital urination, vaginal dryness, use of cranberry juice, vaginal bacterial flora, and postvoid residual bladder volume were not associated with the incidence of acute cystitis after multivariable adjustment. A study by Moore et al found that recent sexual intercourse, as described for younger women, was also strongly associated with incident UTI in other healthy postmenopausal women (LoE 2b) [7] . In the older, institutionalized women, urine catheterization and functional status deterioration appeared to be the most important risk factors associated with UTI (LoE 2a) [8] . The risk of UTI increases dramatically with catheterization. Table 1 describes the major factors predisposing adult women to UTI as related to age [9] .
BACTERIURIA AND MORTALITY
Bacteriuria has been discovered as a cause of increased mortality in elderly individuals. Studies of Greek, Finnish, and American patients showed decreased longevity associated with UTI (LoE 1b) [10] [11] [12] . The elderly patients with UTI were suffering from a variety of diseases other than UTI that might have increased their susceptibility to infections as well as their mortality.
Nordestam et al studied a population of elderly patients and compared their longevity in relation to bacteriuria (LoE 1b) [13] . There was no increase in mortality related to bacteriuria for otherwise healthy individuals. Bacteriuria per se did not appear to be a risk factor for mortality. In patients with concomitant disease, bacteriuria was associated with increased mortality, but it is not the cause.
THE ROLE OF ESTROGEN
Another important factor in postmenopausal women is the potential role that estrogen deficiency plays in the development of bacteriuria. Postmenopausal women frequently present with genitourinary symptoms; half have genitourinary disorders, and 29% have urinary incontinence (LoE 1b) [14] . Postmenopause is characterized by a significant reduction in ovary estrogen secretion, which is often associated with vaginal atrophy. Clinically, it manifests as a syndrome characterized by vaginal dryness, itching, dyspareunia, and urinary incontinence. This may sometimes imitate a UTI (LoE 2a) [15, 16] .
Estrogen stimulates the proliferation of lactobacillus in the vaginal epithelium, reduces pH, and avoids vaginal colonization of Enterobacteriaceae, which are the main pathogens of the urinary tract. Fig. 1 describes the relationship between estrogen and the vaginal flora and the pathophysiology of urinary tract infections in elderly women (LoE 1a) [17] . In addition, the absence of estrogen decreases the volume of the vaginal muscles, resulting in slackness of the ligaments holding the uteric pelvic floor and the bladder, resulting in the development of prolapse of the internal genitalia. Kicovic et al showed that vaginal cream decreased urogenital complaints associated with atrophic vaginitis (LoE 1b) [18] .
A previous randomized, double-blind, placebo-controlled study demonstrated that vaginal estriol treatment had a dramatic effect on recurrent UTIs in postmenopausal women. The results showed that the incidence of UTI in women who received vaginal estriol was reduced to 0.5 episodes per year compared with 5.9 episodes per year in women who received placebo. In addition, after 1 month of treatment, lactobacillus appeared in 60% of the estrogen-treated group but in none of the placebo group, and the vaginal pH decreased from 5.5±0.7 before treatment to 3.6±1.0 after treatment (LoE 1a) [19] .
Several years later, similar results were obtained by Eriksen, using an estradiol-vaginal ring (LoE 1b) [20] . In that study, the women in the estradiol group had a significant reduction in the frequency of urogenital symptoms, such as vaginal dryness, dyspareunia, and urge and stress incontinence after 36 weeks of study. In addition, 45% of the women receiving estradiol were still free of UTI, in contrast with only 20% of the women treated with placebo. However, contradicting results are found in the literature. For example, another study showed that the use of estriol-containing vaginal pessaries was less effective than the use of oral nitrofurantoin macrocrystals in the prevention of bacteriuria in postmenopausal women. This study also showed the failure of the estriol-containing vaginal pessaries to restore vaginal lactobacilli and to reduce vaginal pH in those women (LoE 1a) [21] .
Brown et al assessed the effects of hormonal therapy on UTI frequency and examined potential risk factors (LoE 3) [22] . They used data from the Health and Estrogen/Progesterone Replacement Study, a randomized, blinded trial of the effect of hormone therapy on coronary heart disease events among 2,763 postmenopausal women aged 44 to 79 years with coronary diseases. UTI frequency was higher in the group receiving hormone treatment (0.625 mg conjugated estrogen plus 2.5 mg medroxyprogesterone acetate or placebo followed for a mean of 4.1 years), although the difference was not statistically significant. Statistically significant risk factors for UTI in the multivariate analysis included the following: women with diabetes mellitus in treatment (insulin OR, 1.81; 95% CI, 1.4-2.34), oral medication (OR, 1.44; 95% CI, 1.09-1.9), poor health (OR, 1.34; 95% CI, 1.14-1.57), vaginal itching (OR, 1.63; 95% CI, 1.07-2.5), and urge incontinence (OR, 1.51; 95% CI, 1.30-1.75). UTIs in the previous years were strongly associated with a simple UTI (OR, 7.00; 95% CI, 5.91-8.92) as well as with multiple UTIs (OR, 18.51; 95% CI, 14.27-24.02).
Jackson et al did not see that the use of oral or vaginal estrogen was a protective factor in order to avoid recurrent UTI (LoE 2a) [6] .
In conclusion, the efficacy of estrogen in the prevention of UTI in postmenopausal women with recurrent infections remains questionable. From a clinical perspective, the main currently recommended use of estrogen (probably vaginal and not oral) is in postmenopausal women, especially those infected with multidrug-resistant uropathogens, which limits the options and effectiveness of antimicrobial prophylaxis, and in women in whom the symptoms are related to atrophic vaginitis (5). Table 2 summarizes the indications and contraindications for estrogen therapy in UTI [3] .
TREATMENT
Treatment of acute cystitis and pyelonephritis in otherwise healthy postmenopausal women is similar to that in premenopausal women; however, short-term therapy in postmenopausal women is not as well documented by controlled studies as in younger women. Raz and Rozenfeld published a study in postmenopausal women (mean age 65 years) with uncomplicated UTI in which ofloxacin, 200 mg once daily for 3 days (LoE 1b) [23] , was significantly more effective in both short-and long-term follow-up than a 7 day course of cephalexin, 500 mg four times daily, even though all the uropathogens were susceptible to the two agents. In another double-blind study (LoE 1b), including a total of 183 postmenopausal women of at least 65 years of age with acute uncomplicated UTI, similar results were obtained with either a 3-day or a 7-day oral course of ciprofloxacin 250 mg two times daily (bacterial eradication 2 days after treatment 98% vs 93%, p=0.16), but the shorter course was better tolerated. The rate of bacterial eradication in this study was generally high, and the rate of bacterial resistance to ciprofloxacin low (GoR A) [24] .
Asymptomatic bacteriuria in elderly women should not be treated with antibiotics (GoR A).
The optimal antimicrobials, dosages, and duration of treatment in elderly women appeared to be similar to those recommended for young postmenopausal women (GoR C). However, these results should not be extended to the frail elderly geriatric population with significant comorbidities, who frequently present with UTI caused by more resistant Gram-negative organisms and in whom treatment duration should be prolonged as in complicated UTI.
Estrogen (especially vaginal) could be administered for prevention of UTI; yet, the results are conflicting (GoR C). There are at least two clinical studies showing that vaginal estriol and estradiol-releasing vaginal rings restore vaginal flora, reduce pH, and reduce the number of symptomatic bacteriuria [19, 20] . However, it appears that oral estrogen does not reduce the incidence of UTI in postmenopausal women (Hooton et al).
Alternative methods, like cranberry and probiotic lacto-bacilli, can contribute to preventing recurrent UTI in postmenopausal women, but more well-conducted studies are required to define their exact role and efficiency (GoR C). Once complicating factors, such as urinary obstruction, neurogenic bladder disturbances, etc, can be ruled out, an antimicrobial prophylaxis should be carried out as recommended for premenopausal women (GoR C).
NEW STRATEGIES
The alarming increase in multidrug-resistant uropathogens makes it imperative that alternative strategies are found. One strategy is the restoration of the normal flora with lactobacilli using probiotics. Another option is the use of a competitive compound that inhibits attachment of bacteria to the uroepithelium. Unfortunately, both methods have been evaluated without conclusive results, although there is some evidence that probiotics and cranberry are useful in preventing UTI. Reid et al demonstrated the possibility of preventing uropathogen infection by using lactobacillus in vitro [25] . Several clinical studies showed that L. rhamnosus Gr-1 and L. fermentum-RC can colonize the vagina, a first step in preventing bacteriuria (LoE 2a). However, more studies, especially clinical studies, should be carried out to determine the role of probiotics in the prevention of UTI.
Another possibility is the use of cranberry. Cranberries contain a proanthocyanidin that can prevent the colonization of the E. coli uropathogen in the vaginal mucosa and reduce the frequency of bacteriuria (GoR C) [26] . McMurdo et al carried out a randomized controlled trial in elderly women to compare the efficacy in preventing UTI of cranberry capsules with trimethoprim (GoR C) [27] . The time to first recurrence of UTI was not significantly different between groups. In addition, trimethoprim had a very limited advantage over cranberry in the prevention of recurrent UTI in older women but had more adverse effects and withdrawals.
However, few clinical studies have been conducted, although in small and heterogenic populations, an advantage in the use of cranberry juice or other oral preparations in the prevention of bacteriuria has been shown. In the elderly population, there is only one clinical quasi-randomized study in elderly women with asymptomatic bacteriuria, which showed that bacteriuria and pyuria were significantly reduced in women taking cranberry juice in comparison with women who received placebo (GoR C) [28] . Because asymptomatic bacteriuria in the elderly is not treated, however, the clinical significance of this study remains inconclusive.
FURTHER RESEARCH
Further wide-scale randomized studies are essential to define and establish the exact role of estrogen therapy, probiotics, lactobacilli, and other possible and available methods to reduce the use of antibiotics.
CONCLUSIONS
Bacteriuria, particularly asymptomatic bacteriuria, is a very frequent finding in both healthy postmenopausal and institutionalized women. Urological factors, such as urinary incontinence, presence of any grade of cystocele and postvoiding residual volume, together with previous UTI and nonsecretor status, are associated with recurrent UTI in this population. Some studies showed a relationship between bacteriuria with diabetes or sexual intercourse. The role of vaginal or oral estrogen together with the use of probiotics and lactobacilli remains questionable. Urinary tract infection (UTI) is the most common bacterial infection in women in general and in postmenopausal women in particular. Whereas UTI in otherwise healthy women is considered as 'uncomplicated' UTI, in some guidelines, UTI in postmenopausal women is considered as 'complicated' UTI. Such a generalization may not be justified, however, because the different situation of the host in this population has to be considered more carefully. In his article on UTI in postmenopausal women, Raul Raz substratifies the population into at least two groups regarding age and general status: 1) (otherwise) healthy, young postmenopausal women aged about 50 to 70 years who are neither institutionalized nor catheterized, and 2) elderly (functionally impaired) institutionalized women with or without a urinary catheter. Concerning impact and outcome, UTI in the first group is much more closely related to 'uncomplicated' UTI in otherwise healthy premenopausal women than to the 'complicated' UTI found in patients with underlying urological anomalies. In the Antimicrobial Resistance Epidemiology in Females with Cystitis (ARESC) study [1] , the proportion of Escherichia coli in symptomatic, uncomplicated cystitis of 1,261 premenopausal, nonpregnant women without diabetes mellitus and without recurrent UTI (two or more within 6 months or three or more within 1 year) was 80.8% and not significantly different from the proportion (80.3%) in 762 (otherwise healthy) postmenopausal women without diabetes mellitus and without recurrent UTI up to an age of 65 years.
